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1 | Introduction
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Recap materials for reference and methodology for submitting written comments.

Project references can be found on the following Energy Commission website:
energy.ca.gov/event/webinar/2019-06/webinar-public-comments-preliminary-draft-research-roadmap

The public is invited to review and provide comments on this Preliminary Draft document until July 12, 20109.
Comments can be submitted as instructed on the electronic commenting page electronic commenting page.

1.3 | Methodology of the Roadmap Project

This Roadmap project consists of two major reports covering nine technology areas: the Technical Assessment
Report (TA) and the Final Research Roadmap. The TA was completed January 19, 2019 and can be accessed at
the Research Idea Exchange docket. The Research Roadmap is currently in development; comments from this
Preliminary Draft will help guide the contents of the final Roadmap.

Interviews - The TA was developed based on a series of expert interviews and related research. There were 37
total interviews conducted for the TA between October 23", 2018 and December 18t™, 2018. Targeted research
for the TA focused on resource assessments, cost and performance metrics, current capacity in California,
current status of technology, RDD&D opportunity areas, and specific emerging and breakthrough RDD&D
technologies and strategies for each technology area.

Surveys - The findings presented in the TA formed the basis for a series of surveys that were sent out to experts
in each technology area. In the surveys, experts were asked how they would prioritize both RDD&D opportunity
areas and emerging and breakthrough technologies. Additionally, experts provided opinions for prioritizing
investment in RDD&D opportunity areas or specific technologies in the near-, mid-, and long-term. Surveys were
distributed the week of February 11™, 2019 and collected until March 151, 2019 during which time 62 responses
were collected. The results from each survey were used to focus discussion during the next roadmapping
activity, the webinars.

Webinars - 7 webinars were was hosted between the dates of March 19%, 2019 and April 11%, 2019 with 75
total webinar participants. Targeted topic area experts were invited to participate in the webinars. To guide
discussion toward
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technology by other organizations, past interest by the Energy Commission, current technology readiness, and
potential impact on cost and performance metrics. There are two recommended initiatives for each of the nine
Roadmap technology areas, with the exception of Offshore Wind which has 4 recommended initiatives
(identified as an area with immense potential in California).

Table 1. Summary of Participation in Roadmap Project Methodology

Solar Wind Bioenergy Geothermal Small Grid Energy Wave Total
Hydro Integration Storage Power*

Interviews

Survey
Respondents

Webinar
Participants

Unique
Participants
Across
Activities

* Wave Power is not included in the Roadmap as an independent technology area. The technology was explored understanding that
the TRL is very low for most wave technologies.

** Total Unique Participants sum is not equal to the sum of all topic areas since some participants were involved in multiple topic
areas.
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1.4 | Key Barriers and Challenges Summary

Within each technology area, the roadmap discusses key barriers and challenges to utility-scale renewable
energy deployment. Seven universal challenges, identified below, were selected to broadly encompass the
array of barriers and challenges facing each technology area. Inputs from the technical assessment,
literature reviews, expert interviews, and consultations with the Energy Commission and the roadmap
technical advisory committee were examined within the context of the following questions. The seven
barriers and challenges are as follows:

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 10



2 | Solar PV

Solar energy is the largest source of renewable energy in the state. Beneficial policies have supported the
growth of photovoltaic (PV) power systems across the state. PV has gone from being a small percentage of
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Figure 3. Comparison of Theoretical Solar Energy Conversion Efficiencies

As Figure 3 shows, there is significant room for increased conversion efficiency beyond silicon single-junction
cell technology, which sits just below the maximum of 31% for the optimum material. In particular,
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Deployment of storage systems can also allow produced energy to be stored instead of curtailed when
overgeneration occurs.

Grid Integration

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 13



2.2 | Recommended Initiatives
Initiative 2.1: Deploy Thin Film and Tandem Material PV Cells

Description and
Characteristics

Technology Baseline,
Best in Class

Impacts

Thin-film and Tandem-Junction PV technologies offer significant potential advantages over
current crystalline silicon single-junction PV in terms of lower manufacturing costs, less
material usage, and higher conversion efficiency. Achieving these, however, will require
substantial field experience as well as manufacturing scale-up in addition to further laboratory
development.

This initiative would establish field testing programs to accelerate acquisition of real-world
experience with novel technologies having such promise. This experience is vital for
transferring laboratory advances toward commercial products.

Present-day commercial crystalline silicon PV modules have narrowed the gap between
practical and theoretical performance such that future gains in LCOE will come only from
further economies of larger-scale manufacturing and deployment. Meanwhile, thin-film
technologies have shown increasing laboratory performance, but have not achieved the
manufacturing scale needed to demonstrate their potential cost advantages.

Thin-film PV devices have potentially lower costs due to better manufacturing scalability and
lesser use of expensive materials than crystalline silicon devices. Tandem-junction PV
technologies, which also may be thin-film, have substantially higher theoretical efficiency limits

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 14



Initiative 2.2: Reduce Capital Costs of PV by Improving Cell Recycling

Description and
Characteristics

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Associated
Technology
Advancements

Success Timeframe

Primary Users
and/or Beneficiaries

Challenges
Addressed

Commercial PV modules have expected service lives that are much longer than essentially all
of the product deployed to date. As such, end-of-life issues have not been given major
emphasis. However, these aspects of the technology will inevitably arise as the larger-scale
systems now in use reach retirement. This initiative is designed to get in front of potential
environmental damage caused by improper salvage and recycling.

Commercial crystalline silicon PV modules typically contain some amounts of potentially
hazardous materials such as copper, lead, silver, and heavy metals, as well as significant
quantities of plastic and glass contaminated with metals and organic compounds. Cost-
effectively separating these materials into viable recycling streams is an unmet challenge.

Successful application of the results of this initiative will substantially reduce PV
decommissioning costs while safeguarding the environment from hazardous material disposal.

Useful metrics for this initiative include quantitative assessments of cost reductions versus
current practices in recycling PV modules and estimates of reduced impacts on landfills due to
improved recovery of spent materials.

Likely additional benefits include possible uses of newly developed recycling techniques for
non-PV waste streams.

True success of this initiative awaits the retirement of the many gigawatts of PV recently
deployed, which will take well over a decade. However, smaller-scale benefits may be achieved
sooner by applying new techniques to other recycling processes.

The primary beneficiaries of this initiative will be the owners of retiring PV systems who will be
faced with less disposal costs, or may even benefit from residual value of their PV modules
constituent materials.

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 15



2.3 | Related EPIC and DOE Initiatives

2.3.1 | 2018-2020 EPIC Triennial Investment Plan
Advance the Material Science, Manufacturing Process, and In Situ Maintenance of Thin Film PV

Technologies

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 16



3| Solar CSP

After capacity from CSP systems remained relatively constant for over a decade, CSP capacity has seen a
recent expansion with the introduction of 3 new California facilities since 2012 (lvanpah, Mohave Solar, and
Genesis Solar). Although solar central-
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3.1 | Key Barriers and Challenges

CSP technologies have been in California commercial operation for several decades but are still limited in
deployment. The characteristics impeding further CSP system installations are their inherently large scale,
site-specific manufacturing requirements, relatively high system cost, and lack of market valuation for their
flexible and dispatchable energy. The five key challenges for CSP are given in more detail below.

Performance

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 18



3.2 | Recommended Initiatives
Initiative 3.1: Improve Dust Cleaning Systems for CSP Mirrors

Description and CSP systems have large areas of mirrors used to concentrate sunlight onto their receivers.

Characteristics These mirrors need high reflectivity for good performance, but they become soiled with wind-
blown sand and dust. Mirror soiling can reduce plant energy production substantially (>50%
loss) so frequent cleaning is necessary. Current cleaning methods are time consuming,
expensive, prone to causing mirror breakage, and they can be water intensive.

Technology Baseline,
Best in Class

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 19



Initiative 3.2: Research Corrosion Resistant Materials Able to Handle High Temperature Salts used for TES

Description and
Characteristics

Technology Baseline,
Best in Class

Achieving the DOE CSP endpoint cost target of 5 cents/kWh will require an increase in system
efficiency. This is envisioned to involve power-block cycle conversion efficiencies of over 50%
and getting those will require the high-temperature side of the cycle to exceed 700°C (1300°F).

Such temperatures are higher than current system plumbing components and heat-transfer
and heat-storage materials can handle.
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3.3 | Related EPIC and DOE Initiatives

3.3.1 ] 2018-2020 EPIC Triennial Investment Plan
Making Flexible-Peaking Concentrating Solar Power with Thermal Energy Storage Cost-Competitive
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4 | Land-Based Wind

Wind energy is one of the most established renewable energy sources in the state, as turbines have been
utilized in California for over three decades. Like solar, wind has benefited from policies that have
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Land-based assumptions: The land-based wind energy cost target is an unsubsidized cost of energy at utility scale. Real market weighted
average cost of capital (WACC) of 5.6%; national capacity weighted average installed CapEx and OpEx values; 7.25 m/s wind speed @50 m hub

height; and 25-year plant life.
Source: Department of Energy FY 2019 Congressional Budget Request. Volume 3
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4.2 | Recommended Initiatives
Initiative 4.1: Onsite Assembly Improvement by Advancing Crane Technologies

Description and
Characteristics
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https://www.mammoet.com/news/mammoet-heralds-new-era-for-windturbine-assembly-
and-maintenance/

Initiative 4.2: Deployment of Flexible Blades to Improve System Efficiency and Enable Access to Low-

Wind Speed Areas

Description and
Characteristics

Associated
Technology
Advancements

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Success Timeframe

Primary Users
and/or Beneficiaries

Challenges
Addressed

Key Published
References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

On-land wind development in California is unlike any other state because of the age of the
industry in the state. As a result of decades of operation, most high wind, attractive wind
development areas are already taken by less efficient machines that have lower capacity
factors and operate more variably than modern wind turbines. For land-based wind
development in California to continue to grow, low wind speed areas will have to be used and
ideally will generate electricity with less variability than current wind installations in the state.

Flexible blades are one early stage technology that can decrease the variability of output from
low-wind regions while increasing overall power output. When combined with longer blades
and larger rotors, these flexible blade systems have the ability to increase economical
production from wind in California. Flexible blades are also able to handle variations in high
wind speeds due to their ability to bend and twist passively to adapt to wind forces. The first
testing of passively adapting blades in underway in Colorado by a Germany company. There is
room for R&D from U.S. counterparts as well as these designs are developed further.

Bend-twist Coupling

35% increase in converted energy compared to rigid counterparts. Increase in Capacity Factor
due to decreased downtime. Capacity factor baseline and best in class: TBD

Flexible and adaptable blades are able to operate in a wider range of wind conditions and
dampen peak loads during times with high variable wind speeds. The use of these blades will
also increase the lifespan on blades and reduce maintenance costs. Since flexible blades
increase power production, they may also enable smaller capacity turbines to be more
economical.

Converted Energy: 35% increase; Capacity Factor; $/MWh; Lowest Wind Speed to Operate

Near-term

Wind Turbine Components Manufacturers, Utilities, Grid Operators

Low-Wind Speed Resources; Variable High-Speed Winds;

https://royalsocietypublishing.org/doi/10.1098/rspa.2016.0726

https://techxplore.com/news/2017-02-turbines-flexible-blades-efficient.html

https://www.iwes.fraunhofer.de/en/press---media/smartblades2-rotor-blades.html

https://www.windpowermonthly.com/article/1520855/bend-twist-coupling-tests-begin
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4.3 | Related EPIC and DOE Initiatives

4.3.1 | 2018-2020 EPIC Triennial Investment Plan
Advanced Manufacturing and Installation Approach for Utility-Scale Land-Based Wind Components
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5 | Offshore Wind

While land-based wind energy is well established in the state of California, offshore wind systems present a
new opportunity for renewable energy development. Offshore wind energy has a high potential for
development in California as the coast of California has many ideal wind resources. It is projected the
technical capacity of wind resources off of the coast of California is 160 GW.8 This potential can be unlocked
if the right stakeholders are involved from the outset. These include state and federal agencies, port
managers, wind developers, grid operators, and the military.

Recently, offshore wind has seen its first deployments in the United States on the east coast. However,
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5.1 | Key Barriers and Challenges
Cost
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5.2 | Recommended Initiatives
Initiative 5.1: Cost Reduction of Offshore Floating Systems with a Focus on Platform and Anchoring
Systems

Description and Floating offshore wind turbines place a horizontal wind turbine on a floating platform that is

Characteristics anchored to the seabed with cables. These systems are necessary to access wind resources in
areas with water depths greater than 50 meters due to the engineering complexity and cost
associated with fixed bottom structures at those depths.
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Initiative 5.2: Establishment of Local Manufacturing Capabilities for Offshore Tower Components

Description and
Characteristics

Associated
Technology
Advancements

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Success Timeframe

Primary Users
and/or Beneficiaries

Challenges
Addressed

Key Published

References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

Offshore wind turbines are able to utilize much larger turbines and tower structures as they
are not limited by any on-land transportation or construction constraints. The larger blades and
towers also allow offshore wind turbines to reach higher wind resources to produce more
energy. However, California, currently lacks significant manufacturing capabilities throughout
the wind turbine supply chain. With limited manufacturing facilities in the state and on the
west coast as a whole, California will suffer from higher transportation costs and complex
logistics associated with new land-based and offshore wind turbine installations.

With the offshore wind industry still in a fledgling state, and floating offshore wind turbines at
an even earlier stage of development, California has an opportunity to become one of the first
global manufacturing centers for offshore wind infrastructure. Focusing on the manufacturing
of offshore specific technologies like floating platforms, tower structures, and radar and wildlife
detection systems will allow California to become a global leader in offshore development.

TBD

TBD

Developing an offshore wind manufacturing industry in California will decrease the costs of
transportation of wind turbine components and create jobs within the state. California is also
positioned to become a leader across the Pacific Ocean as no floating structures and limited
offshore deployment exists from the U.S. to Asia.

$/MW Installed Cost of Offshore Turbines; Average Transportation Distance from Facility to
Port

Long-term (>5 Years)

Offshore Wind Energy Developers (Utilities, Private Companies), Turbine Manufacturers, Blade
Manufacturers,

Cost, Production

DOE-NREL 2016 Offshore Wind Technologies Market Report

Refer to Roadmap Report for full list of References
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Initiative 5.3: Ensuring that Port Infrastructure can Handle Large Wind Turbine Components

Description and
Characteristics

Associated
Technology
Advancements

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Success Timeframe

Primary Users
and/or Beneficiaries

Key Published

References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

Due to the large size of offshore wind turbines, large cranes and ample space are required at
ports to pre-assemble and load turbine components onto installation vessels. Currently, no
port in California has the ability to load offshore turbine components and few ports are able to
accommodate the necessary equipment. 6 ports possible for improvements: Humboldt Bay,
San Francisco Bay, Hueneme, Long Beach, and San Diego. Locating and retrofitting a port so it
is able to load an offshore wind turbine will be necessary to install any offshore wind turbines
in California.

Improvements to these ports could include road/rail connections, higher capacity cranes,
quayside space increases, and vessel availability. Other improvements will be necessary based
on the specific transportation and assembly requirements of the port.

Fabrication & Construction Ports; Quick Reaction Ports; Assembly Ports

TBD

This would enable entry of large components into the California market.

Average Distance from Launching Port to California Installation Sites, Days saved with in-state

Port Infrastructure, $/MW Installed Cost

Long-Term (>5 Years)

Port Operators, Offshore Wind Energy Developers (Utilities, Private Companies)

https://www.boem.qgov/CORE-Phillips/
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Initiative 5.4: Improve Offshore Energy Interconnection through Development of Offshore High-Voltage

Cables

Description and
Characteristics

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Associated
Technology
Advancements

Success Timeframe

Primary Users
and/or Beneficiaries

Key Published

References (considered

in addition to Tech
Assessment Interviews,
Surveys, Webinars)

To connect offshore resources to the onshore grid, an extensive cabling and interconnection
systems is required. Underwater cabling represents a very high cost for offshore systems, so
optimal design and management of cables, interconnections, and substations is important to
limit costs. Also, the type, structure, and location of cables should minimize electrical losses for
the system.

Currently, high-voltage alternating current (HVAC) cables are used most commonly to transmit
power for the grid. For specific on-land and offshore transmission where there is a long
transmission distance, High-voltage direct current (HVDC) transmission lines have been
implemented.

High-voltage AC Cables

HVDC cable infrastructure will decrease power losses and enable more efficient connections
especially to resources located further from the shore. HVDC also require a smaller amount of
material since they have smaller cross-section which limits cable cost and reduces the
complexity of installation.

Lines Losses (%); Cost/Mile; Substation Cost

HVDC Cables;

Long-term (5+ Years)

Grid Operators; Offshore Wind Developers/Owners; Utilities; California ISO operators

https://www.boem.gov/NREL-Offshore-Wind-Plant-Electrical-Systems/
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5.3 | Related EPIC and DOE Initiatives
Initiatives are repeated from the Land-Based Wind Chapter because they are relevant to both topics.

5.3.1 ] 2018-2020 EPIC Triennial Investment Plan
Real-Time Monitoring Systems for Wind
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6 | Bioenergy

Bioenergy in California is one of the older operating renewable sources in the state and has a wide variety
of associated technologies and feedstocks. The diversity of bioenergy is both a challenge to integrate into
systems and an opportunity for expansion. Traditionally the most used feedstock for bioenergy plants is
municipal solid waste (MSW) which is burned for power production. The decommissioning of several
woody biomass plants has counteracted a number of new landfill gas and digester gas facilities to keep the
production in the state relatively even over the last decade. Electricity production from bioenergy in
California can be seen in Figure 6.

There are a variety of bioenergy technologies that fall into two major pathways for production: direct
combustion of biomass and combustion of biogas. Biogas is generated from digesters and landfills among
other sources. Gas can also be produced through pathways such as anaerobic digestion, gasification, and
pyrolysis. Biogas and other gaseous products can be upgraded to renewable natural gas (RNG) which has a
high methane content. The cost of some of the most common bioenergy technologies are given below.

Table 6. Cost Range and Estimated Range for Common Bioenergy Conversion Systems

2014 2014 2025 2025
(Low Range) (High Range) (Low Estimate) (High Estimate)
Stoker 6 cents/kWh 21 cents/kWh 5 cents/kWh 19 cents/kwWh
Gasification 7 cents/kWh 23 cents/kWh 6 cents/kWh 20 cents/kWh
A_naer(_)blc 6 cents/kWh 14 cents/kWh 5 cents/kWh 12 cents/kWh
Digestion
Co-Firing 4 cents/kWh 12 cents/kWh 4 cents/kWh 11 cents/kWh
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http://www.irena.org/DocumentDownloads/Publications/IRENA_RE_Power_Costs_2014_report.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA_RE_Power_Costs_2014_report.pdf
https://www.energy.ca.gov/almanac/renewables_data/biomass/
https://www.energy.ca.gov/almanac/renewables_data/biomass/
https://www.energy.ca.gov/almanac/renewables_data/biomass/
https://www.energy.ca.gov/almanac/renewables_data/biomass/

6.1 | Key Barriers and Challenges
Resource Availability
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6.2 | Recommended Initiatives
Initiative 6.1: Improved Cleanup of Syngas Resulting from Gasification

Description and Syngas from biomass gasification can be combusted to produce electricity or converted to
Characteristics chemical intermediates (e.g., Fischer
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to Tech Assessment
resources).
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Initiative 6.2: Fund Thermal Hydrolysis Precursor to Anaerobic Digestion System Capable of Accepting
Multiple Waste Streams

Description and
Characteristics

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Associated
Technology
Advancements

Success Timeframe

Primary Users
and/or Beneficiaries

Challenges
Addressed

Key Published
References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

Thermal hydrolysis pretreatment (THP) can be used as a precursor to Anaerobic Digestion (AD)
to increase biogas production and increase breakdown of organic material.

Wet AD systems (high-moisture-content feedstock types) such as covered lagoon and complete
mix digester; dry AD systems for relatively low-moisture-content feedstock (e.g., yard waste),
including plug flow digesters. THP used successfully for wastewater treatment to reduce
sludge.

THP can potentially improve cake dewaterability, increase methane production, increase
digester loading rates and produce bio-solids ready for land disposal. Potential cost reductions.

Implementation of full scale thermo pressure hydrolysis (TDH) shown to provide higher
anaerobic degradation efficiency; increased biogas production (+75-80%) achieved from waste
activated sludge. Enhanced degradation of organic matter and improved cake's solids content
from 25.2 to 32.7% TSS reduce sludge disposal costs about 25%. Increased biogas production
(75-80%).

Thermo-pressure hydrolysis, high pressure thermal hydrolysis. Studied primarily for
wastewater pretreatment to reduce sludge. Studied for algae digestion.

Medium term; available for wastewater pretreatment, requires study and adaptation to
biomass/dairy AD operations (common in CA).

AD operations at CA farms; wastewater treatment facilities.

Increased ammonia release and generation of soluble inert materials.

Impact of Operating Conditions on Thermal Hydrolysis Pre-Treated Digestion Return Liquor Nandita Ahuja 2015.
https://pdfs.semanticscholar.org/f916/64cf71db9557fa3ca5a28997aa37d8975baf. pdf

A Review of the Processes, Parameters, and Optimization of Anaerobic Digestion. 2018.
file:///C:/Users/jpellegrino/Downloads/ijerph-15-02224.pdf

Benefits and drawbacks of thermal pre-hydrolysis for operational performance of wastewater treatment plants.
https://www.ncbi.nlm.nih.gov/pubmed/19001706

A Review of Sludge-to-Energy Recovery Methods. 2019. file:///C:/Users/jpellegrino/Downloads/energies-12-00060.pdf

High pressure thermal hydrolysis as pre-treatment to increase the methane yield during anaerobic digestion of microalgae. 2012.
https://www.sciencedirect.com/science/article/pii/S0960852412019839
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file:///C:/Users/jpellegrino/Downloads/ijerph-15-02224.pdf
https://www.ncbi.nlm.nih.gov/pubmed/19001706
file:///C:/Users/jpellegrino/Downloads/energies-12-00060.pdf
https://www.sciencedirect.com/science/article/pii/S0960852412019839

6.3 | Related EPIC and DOE Initiatives

6.3.1 | 2018-2020 EPIC Triennial Investment Plan
Tackling Tar and Other Impurities: Addressing the Achilles Heel of Gasification
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7 | Geothermal

Geothermal power is the largest source of non-variable renewable power in the state of California and has
been a major part of its energy mix for the past several decades. However, high costs of new systems
combined with depleted production of existing resources has led to a stagnant geothermal capacity in the
state, as shown in Figure 7.

Estimates of additional capacity in California range from 4,000 MW
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https://www.energy.gov/sites/prod/files/2018/03/f49/FY-2019-Volume-3-Part-2.pdf
https://pubs.usgs.gov/fs/2008/3082/pdf/fs2008-3082.pdf
https://certmapper.cr.usgs.gov/data/energyvision/?config=config_Geothermal.json
https://www.energy.ca.gov/geothermal/background.html
http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Aug/IRENA_Geothermal_Power_2017.pdf
http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Aug/IRENA_Geothermal_Power_2017.pdf
https://www.iea.org/publications/freepublications/publication/Geothermal_Roadmap.pdf
https://www.energy.ca.gov/almanac/renewables_data/geothermal/

7.1 | Key Barriers and Challenges
Cost
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7.2 | Recommended Initiatives
Initiative 7.1: Improving Materials to Combat Corrosion from Geothermal Brines

Description and
Characteristics

Associated
Technology
Advancements

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Associated
Technology
Advancements

Success Timeframe

Primary Users
and/or Beneficiaries

Challenges
Addressed

Key Published
References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

The high salinity of geothermal brines, especially in the Salton Sea region of California, degrades
metal used throughout the power production process. As a result, expensive titanium-alloys
are often used to prevent corrosion and reduce maintenance costs.

New materials made from base metals such as nickel have been tested but still lack the
durability of titanium-alloys. However, further advancement and testing of metal alloys may
reveal lower cost and more corrosion-resistant materials.

Titanium-Alloys

TBD

TBD

TBD

TBD

TBD

TBD

TBD

http://www.materialsperformance.com/articles/material-selection-
design/2019/02/testing-corrosion-resistant-alloys-for-use-in-geothermal-power-

plants
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http://www.materialsperformance.com/articles/material-selection-design/2019/02/testing-corrosion-resistant-alloys-for-use-in-geothermal-power-plants
http://www.materialsperformance.com/articles/material-selection-design/2019/02/testing-corrosion-resistant-alloys-for-use-in-geothermal-power-plants

Initiative 7.2: Explore Electricity Potential from Idle Oil and Gas Wells through the Use of Downhole Heat
Exchangers

Description and Oil and gas wells are plentiful in the state of California with around 30,000 of those wells being

Characteristics abandoned. These wells present an opportunity to extract geothermal energy by using heat
exchangers that are placed in the drilled wells. Extracting geothermal energy in this way avoids
the extremely high drilling costs necessary for the majority of new projects.

Typical downhole heat exchangers

Technology Baseline, TBD
Best in Class

Impacts TBD

Metrics and/or TBD
Performance
Indicators

Associated Borehole Heat Exchangers
Technology
Advancements

Success Timeframe TBD

Primary Users TBD

and/or Beneficiaries

Challenges TBD

Addressed

Key Published https://www.pasadenastarnews.com/2019/03/05/what-toxins-are-being-emitted-

References (considered  from-la-countys-abandoned-oil-wells-a-lawmaker-wants-to-find-out/
in addition to Tech ] ) ]
Assessment Interviews, https://geothermal-energy-journal.springeropen.com/articles/10.1186/s40517-017-

Surveys, Webinars) 0071-2
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https://www.pasadenastarnews.com/2019/03/05/what-toxins-are-being-emitted-from-la-countys-abandoned-oil-wells-a-lawmaker-wants-to-find-out/
https://geothermal-energy-journal.springeropen.com/articles/10.1186/s40517-017-0071-2
https://geothermal-energy-journal.springeropen.com/articles/10.1186/s40517-017-0071-2

7.3 | Related EPIC and DOE Initiatives

7.3.1 ]| 2018-2020 EPIC Triennial Investment Plan
Geothermal Energy Advancement for a Reliable Renewable Energy System
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8 | Small-Scale Hydroelectric (<30 MW)

The primary types of small hydropower that exist are new stream development, powering non-powered
damns, and in-conduit hydropower. The capacity and energy generation of small hydropower in California
is shown in Figure 8. Of the total small hydro energy capacity in California, 320 MW is in-conduit
hydropower.16

As shown in the graph, the capacity of small hydropower has not changed significantly since 2001. Rainier
years tend to produce more hydroelectric energy, while dry years produce less energy (note that periods of
decline shown in Figure 8 all occurred during droughts).

The LCOE of small hydropower projects in North America ranges from $0.05/kWh to around $0.18/kWh,
assuming a system life span of 30 years.” Installed costs can vary highly among systems, ranging from
$2500/kW to $5000/kW.8 Hydrology and civil construction required prior to turbine installation play a
significant role in total costs. DOE has looked at streams as having promise, and cost targets for this form of
hydropower are shown in Table 8.

Table 8. Small Hydro Cost Performance Targets (DOE)

FY 2017 FY 2018 FY 2019 Endpoint Target

10.9 cents/kWh by

Small Hydro 11.5 cents/kWh 2020
(streams) (target met) 11.4 cents/kWh 11.15 cents/kWh 8.9 cents/kWh by
2030

The new stream development energy cost target is an unsubsidized cost of energy at utility scale. The target is for small, low-head
developments.
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https://www.energy.gov/sites/prod/files/2018/03/f49/FY-2019-Volume-3-Part-2.pdf
file:///C:/Users/hschwartz/Desktop/nhaap.ornl.gov/submission-id/eha-3224
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017_Power_Costs_2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017_Power_Costs_2018.pdf
https://hydropower.ornl.gov/docs/publications/ORNL_Hydropower%20Baseline%20Cost%20Development%202015-01-28_OConnor.pdf
https://www.energy.ca.gov/almanac/renewables_data/hydro/
https://www.energy.ca.gov/almanac/renewables_data/hydro/
https://www.energy.ca.gov/almanac/renewables_data/hydro/
https://www.energy.ca.gov/almanac/renewables_data/hydro/

8.1 | Key Barriers and Challenges
Cost
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8.2 | Recommended Initiatives
Initiative 8.1: Developing Parts and Systems to Standardize Hydropower Development

Description and
Characteristics

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Associated
Technology
Advancements

Success Timeframe

Primary Users
and/or Beneficiaries

Key Published

References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

Developing small hydro systems requires site-specific engineering, which raises costs.
Developing standardized components and methods can both decrease these costs and
enhance system feasibility. Standardized components that can be reused in a variety of flows
and sites can allow an economy of scale to develop, further decreasing costs.

TBD

Standardized turbine components can make the manufacturing, deployment, and
maintenance of in-conduit systems cheaper and faster by developing an economy of scale for
the industry.

This initiative should decrease system costs, which in turn should enable more system
deployment.

Standardized turbine components can incorporate new technologies to further drive down
turbine costs. Composite materials and inflatable weirs offer potential methods of
standardization for turbines. Reusable versions of these materials can also reduce costs.

Near Term
Turbine Manufacturers, Site Developers

https://www.hydroworld.com/articles/hr/print/volume-36/issue-7/articles/making-
small-hydro-development-affordable-and-acceptable.html
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Initiative 8.2: Fund Deployment of Small Hydro Systems that Use Permanent Magnet Generators

Description and TBD
Characteristics

Technology Baseline, TBD
Best in Class

Impacts TBD
Metrics and/or TBD
Performance

Indicators

Associated TBD
Technology

Advancements

Success Timeframe TBD
Primary Users TBD
and/or Beneficiaries
Challenges TBD
Addressed

Key Published TBD

References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)
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8.3 | Related EPIC and DOE Initiatives

8.3.1 ] 2018-2020 EPIC Triennial Investment Plan
The EPIC 2018
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9 | Grid Integration Technologies
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https://www.energy.gov/sites/prod/files/2015/05/f22/CA-Energy%20Sector%20Risk%20Profile.pdf
https://www.energy.gov/sites/prod/files/2015/05/f22/CA-Energy%20Sector%20Risk%20Profile.pdf
https://www.caiso.com/documents/curtailmentfastfacts.pdf
file://///eng-prd-file01/Home/JFreeman/energy.ca.gov/almanac/electricity_data/total_system_power.html.

9.1 | Key Barriers and Challenges
Dispatchability
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9.2 | Recommended Initiatives

Initiative 9.1: Support Continued Advancement of High-Temperature Low-Sag Conductors

Description and
Characteristics

Technology Baseline,
Best in Class

Impacts

Metrics and/or
Performance
Indicators

Associated
Technology
Advancements

Success Timeframe

Primary Users
and/or Beneficiaries

Challenges
Addressed

Key Published
References (considered
in addition to Tech
Assessment Interviews,
Surveys, Webinars)

Transmission lines in California are operating either near, at, or above their design rating,
limiting the amount of electricity which can flow along them. Utilities still primarily use
traditional aluminum-conductor steel-reinforced (ACSR) cable technology for their
transmission lines. New developments in conductors have led to commercialization of several
types of high-temperature low-sag (HTLS) conductors.

HTLS conductors use different materials than ACSR conductors. Typically some type of
aluminum is used as the conductor and the interior features a material with high tensile
strength. To eliminate issues with heat and sag that result from the use of a steel core in ACSR
conductors, the core is typically replaced with a different metals or composite materials.

These new conductors can carry 2.5 times the amount of current of ACSR conductors of the
same size and are able to handle continuous temperatures of 150-210°C compared to 100°C
for ACSR. The lower coefficient of thermal expansion for HTLS conductors reduces sag even as
more current is transported over the lines. HTLS conductors have been on the market over the
past decade, but still are not deployed widely due to their higher cost than ACSR conductors
and the long lifetime of conductor cables.

Replacing existing conductors in California with HTLS conductors can increase line capacity on
existing infrastructure without the need for new power towers and other expensive
infrastructure. The reduced sag on power lines will reduce the risk of wildfires due to
powerlines. Further decreases in HTLS conductor costs over time will decrease the payback
period of these conductors and make them an even more attractive alternative to ACSR wires.
HTLS conductors also reduce line losses which increases the overall efficiency of the grid.

MW/Power Line; Percent of Line Losses; Sag Distance of Power Lines; Number of Wildfire
caused by Power Lines

Gap-type Thermal Aluminum Conductor Steel Reinforced (GTACSR); Super Thermal Aluminum
Conductor Invar Reinforce (ZTACIR); Aluminum Conductor Steel Supported (ACSS); Aluminum
Conductor Composite Reinforced (ACCR)

Mid Term

Utilities, T&D Developers

Performance, Cost

https://www.navigantresearch.com/news-and-views/advanced-conductors-are-changing-the-economics-of-new-transmission-
line-buildsand-existing-line-upgr

https://www.ee.co.za/article/high-temperature-low-sag-power-line-conductors.html
https://www.hindawi.com/journals/jece/2018/2073187/
https://www.sciencedirect.com/science/article/pii/S1876610216313935
https://repository.asu.edu/attachments/134758/content/Banerjee _asu_0010N 13601.pdf
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https://www.hindawi.com/journals/jece/2018/2073187/
https://www.sciencedirect.com/science/article/pii/S1876610216313935
https://repository.asu.edu/attachments/134758/content/Banerjee_asu_0010N_13601.pdf
https://cleanenergygrid.org/wp-content/uploads/2014/08/High-Temperature-Low-Sag.pdf

https://phys.org/news/2016-12-tabs-aging-power-cables-outages.html
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Initiative 9.2: Advancement of Smart Inverters to Improve Communication and Cybersecurity

Description and
Characteristics

The electricity grid is transitioning to a system with multiple points of generation and
consumption which integrates variable energy systems, large scale energy storage, and net
metering enabling the development of thousands of distributed energy systems. In order to
maintain grid stability, grid operators must be able to access data in real-time and communicate
with multiple inverters on the grid.

To integrate the power from many renewable sources onto the grid, the electricity produced
by renewables must be passed through an inverter to match the voltage and frequency of
power on the grid. Smart inverters can allow data to be transferred faster which allows the grid
to monitor early warnings of grid events and behavior, identify failing equipment, and develop
improved system models among other capabilities. California is already transitioning away
from traditional (non-smart) inverters due to the implementation of Rule 21. However, not all
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https://blog.aurorasolar.com/californias-new-smart-inverter-requirements-what-rule-21-means-for-solar-design
https://microgridknowledge.com/derms-smart-inverters-grid/
https://www.cpuc.ca.gov/rule21/
https://www.greentechmedia.com/articles/read/is-the-solar-industry-secure-enough-for-smarter-technology#gs.jwd2bi

Assessment Interviews,
Surveys, Webinars)

9.3 | Related EPIC and DOE Initiatives

9.3.1 ] 2018-2020 EPIC Triennial Investment Plan
Assess Performance of Load Control Systems

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 55



Grid Modernization Multi-Year Program Plan
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10 | Energy Storage Systems

The value of energy storage lies in its ability to increase the penetration of inexpensive variable renewable
sources and to provide ancillary services that stabilize the grid. While traditionally, storage in California has
been provided by pumped storage hydropower (PSH) systems, decreasing prices of lithium-ion batteries
and the continued emergence of other forms of thermal, mechanical, and electrochemical storage are
leading to an increase in energy storage capacity in the state for the first time in decades. These trends are

visualized in Figure 10 below.

The cost of storage systems other than PSH has decreased in the last several years. Looking forward, the
DOE FY 2019 budget request establishes cost performance targets for grid-scale energy storage
technologies, summarized in Error! Reference source not found. Aqueous soluble organic electrolyte
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https://www.energy.gov/sites/prod/files/2018/03/f49/DOE-FY2019-Budget-Volume-3-Part-1_0.pdf
https://www.energy.gov/eere/water/downloads/hydropower-vision-chapter-3-assessment-national-hydropower-potential
https://www.energystorageexchange.org/

flexibly located and have few locational and legislative limitations, although installing storage systems near
transmission lines and junctions has the benefits of limiting losses and easing system integration.

Preliminary Draft Utility-Scale Renewable Energy Generation Research Roadmap| 58



10.1 | Key Barriers and Challenges
Cost
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10.2 | Recommended Initiatives
Initiative 10.1: Support Research into Long Duration Energy Storage Systems (8-hour or greater)

Description and
Characteristics

Technology Baseline,
Best in Class

Energy storage systems are limited by the amount of time they can store and discharge energy.
Most storage systems have storage capabilities which last from minutes to a few hours. Longer
duration storage systems are necessary to mitigate the future effects of increased penetration
in variable renewable resources. Long duration storage time frames need to increase to lengths
of many hours to days in order to support additional renewable resources.. Longer duration
storage could help reduce renewable generation curtailment, reduce natural gas ramping
requirements to meet evening peak demand, and even shift excess renewable generation to
days and/or seasons that have less generation.

Lithium-ion batteries
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https://www.navigantresearch.com/reports/long-duration-energy-storage
https://www.popularmechanics.com/technology/gadgets/a23890619/sila-silicon-anode-batteries-consumer-electronics/
https://www.popularmechanics.com/technology/gadgets/a23890619/sila-silicon-anode-batteries-consumer-electronics/

Initiative 10.2: Fund Recycling Programs for Energy Storage Systems (Particularly Lithium-lon Batteries)

Description and
Characteristics

In the coming decades there is expected to be terawatt hours of used electric vehicle (EV)
batteries in addition to the gigawatt hours of stationary battery storage, nearly all of which are
currently lithium-ion technologies. However, there are currently no lithium-ion battery
recycling programs in California. Without recycling programs, these batteries will either be
thrown away or sent out of state or out of country for repurposing or recycling, and potentially
pose a serious environmental hazard if recycling is not done properly. Sending used batteries
out of California is a massive lost opportunity for the state as keeping the battery materials in-
state could create new markets for recycled battery materials and components and spur
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https://www.mckinsey.com/Industries/Automotive-and-Assembly/Our-Insights/Second-life-EV-batteries-The-newest-value-pool-in-energy-storage
https://www.mckinsey.com/Industries/Automotive-and-Assembly/Our-Insights/Second-life-EV-batteries-The-newest-value-pool-in-energy-storage
https://batteryuniversity.com/learn/article/recycling_batteries
https://www.duesenfeld.com/

10.3 | Related EPIC and DOE Initiatives

10.3.1 | 2018-2020 EPIC Triennial Investment Plan
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